Abstract Objective: To highlight the role of open stone surgery in the management of urolithiasis in the current era of minimally invasive therapies. The introduction and continuous development of extracorporeal shockwave lithotripsy (ESWL), ureterorenoscopy and percutaneous nephrolithotomy (PCNL) over the past 30 years have led to a significant change in the current management of urolithiasis, where the indications for open stone surgery have been narrowed significantly, making it a second-or third-line treatment option.
Introduction
The surgical treatment of urolithiasis has changed significantly over the past 30 years. Previously, most patients requiring stone removal underwent open surgery [1] . Whereas senior urologists are able to recall the era before the 1980s, when they routinely had to 'cut for the stone', open surgery for stone disease of the urinary tract is almost unknown among the latest generation of urologists who were trained during the past 10-15 years.
Advances in the endoscopic management of stone disease, in the form of ureteroscopy, percutaneous nephrolithotomy (PCNL) and laparoscopy, initially promoted a rapid decrease in the use of this approach [2] . The introduction of ESWL into routine clinical practice by Chaussy et al. [3] in 1982 has further reduced the indications for open stone surgery, as currently ESWL is the most widely used method of managing renal and ureteric calculi. Therefore, and as a result, open stone surgery has become a second-or third-line treatment option. Centres worldwide with the equipment, expertise and experience in the surgical treatment of renal tract stones report that open surgery is needed in 1-5.4% of cases [4] [5] [6] [7] .
Methods
We reviewed the most recent guidelines published by the European Association of Urology (EAU) and the AUA, and reviewed reports through a MEDLINE search between 1980 and March 2012, to identify the indications and current role of open stone surgery in the era of minimally invasive therapies. The following medical subject heading terms and keywords were used to identify relevant publications, and to evaluate the general trend in the percentage of publications comparing ESWL, PCNL and open surgery; 'open stone surgery for urolithiasis' or 'urinary tract stones', 'ESWL', 'extracorporeal shockwave lithotripsy', 'PCNL', 'PNL', 'percutaneous nephrolithotomy' or 'nephrolithotripsy'. Articles in all languages were sought.
Results
From the MEDLINE search it was obvious that the number of papers published on open renal stone surgery has decreased during the last three decades, soon after the introduction of ESWL and PCNL (Fig. 1) .
Discussion
The range of annual incidence of urolithiasis is 7-21 cases per 10,000 persons, with a reported peak age of onset at 20-30 years [8] . Until the early 1980s most cases of symptomatic urolithiasis were treated by open surgery.
The dramatic advances in endourological technology are considered to be the main reason for changing the indications for open surgery. That a surgeon can reach almost every part of the collecting system using small-calibre, semi-rigid and flexible ureteroscopes ensures that patients usually have a successful diagnostic or therapeutic procedure. As it is a minimally invasive procedure, many patients can usually be discharged on the same day as the procedure, and hence the techniques have gained popularity with surgeons and patients [9] . zAdvances in technology have also allowed for the development of more effective intracorporeal lithotripsy devices, such as the holmium laser and pneumatic lithotripters. Improvements in flexible grasping devices and the introduction of Nitinol baskets have further improved efficacy. Another factor has been the development of retrograde and antegrade techniques to correct anatomical obstructions associated with stone disease, including PUJ obstruction, calyceal diverticulum, infundibular stenosis, and ureteric stricture [10, 11] . All of these factors, in addition to the improvement in the technical expertise of endourological surgeons, have contributed to a significant decline in the current indications for open stone surgery.
However, there are still patients who are candidates for this approach; the appropriate selection of these patients is critical in obtaining optimal surgical results. The most common current indications for open stone surgery include: patients in whom a reasonable number of less-invasive procedures would not be useful; those with a complex stone burden; failure of ESWL or endourological treatment; anatomical abnormalities (e.g. PUJ obstruction and infundibular stenosis with or without renal calyceal diverticulum), morbid obesity, concurrent open surgery, renal transplantation, severe limb contractures and patient preference. Therefore, it remains the critical responsibility of the treating urologist to recognise those rare cases in which open stone surgery might represent at least a reasonable alternative to less-invasive methods, if not even the primary treatment option. 
Current guidelines on the role of open surgery
Over the last few years guidelines on ureteric and renal stone management have been published by the EAU and the AUA. Within the EAU guidelines, there is a consensus that most complex stones, including partial and complete staghorn stones, should be approached primarily with PCNL or a combination of PCNL and ESWL. However, if a reasonable number of percutaneous approaches are not likely to be successful, or if several endourological approaches have been attempted unsuccessfully, open surgery might be a valid primary treatment option [12] .
The indications according to the most recent EAU guidelines (2011) For children, the same considerations apply as for adults.
The EAU guidelines also suggest that because many hospitals now have only limited experience with open stone surgery it might be advisable to send patients to a centre experienced in the use of special open surgical techniques, which are rarely used, such as extended pyelolithotomy, pyelonephrolithotomy, anatrophic nephrolithotomy, multiple radial nephrotomy, partial nephrectomy and renal surgery under hypothermia [13] .
Recently, intraoperative B-mode scanning and Doppler ultrasonography [14, 15] have been used to identify avascular areas in the renal parenchyma that are close to the stone or dilated calyces. This allows for the removal of large staghorn stones by several small radial nephrotomies, with no loss of kidney function.
The guidelines also conclude that the efficacy of open surgery over less invasive therapy, in terms of stone-free rates, is based on historical data, but no comparative studies are available [16] [17] [18] [19] .
The AUA recommendations suggest that open ureteric surgery should not be offered as a first-line treatment option in most patients (Table 1 ) [20] . Ureterolithotomy was recommended only in cases of large-volume ureteric calculi or complex patient anatomy. Postoperative morbidity and hospitalisation were significantly less with ESWL and endourological procedures than with other open surgical techniques [21, 22] .
More recently, the AUA panel of experts on the management of staghorn calculi recommended that nephrolithotomy, by any method, should not be used for most patients with these kinds of stones [13, 23] (Table 1) . The panel also suggested that open surgery can be considered for patients in whom the stone was not expected to be removed by a reasonable number of less-invasive procedures. Such cases include patients with extremely large staghorn calculi, especially in those with unfavourable collecting system anatomy. Certain abnormalities of body habitus, such as extreme morbid obesity or skeletal abnormalities, can interfere with fluoroscopy and endoscopic therapies, requiring consideration of an open surgical approach. Anatrophic nephrolithotomy should be the preferred operation in such cases [13] .
The role of open stone surgery in developing countries
Countries in the Afro-Asian stone belt (stretching from Egypt and Sudan, through the Middle East, India, Pakistan, Burma, Thailand, Indonesia and the Philippines) have consistently reported a high incidence of urolithiasis. Generally in this region there is a high population density, 30-50% of whom live below the poverty line, and the gross national product is low. Poor nutritional status and inadequate health facilities are other common problems in that region. More than half of the people live in rural areas and the climate is moderate to hot [24] . Against this background, urolithiasis constitutes 40-50% of the urological workload in hospitals [25] . A specific problem of this region is neglected asymptomatic large and/or staghorn calculi, and these patients present with renal failure [26, 27] .
The incidence of open stone surgery has been reported to be 1.5% of all stone removal interventions in developed countries, but in developing countries this has decreased from as high as 26% to 3.5% in recent years. In the USA in 2000, only 2% of the Medicare patients who underwent a surgical stone procedure were treated with open surgery [7] . A decade ago the rate of open stone surgery was reported as 26% in a tertiary referral centre in Pakistan, and 3-5% in the USA [28] [29] [30] . More recently, this rate decreased to 8% in Pakistan and 0.7-2% in centres of the so-called industrialised world [16, 17, 31] . Notably, these are data from tertiary referral centres in their respective countries, and there will be a difference between these centres and rural hospitals, in particular in the developing world, where in many places open surgery is still the primary procedure.
Recently, Rizvi et al. [32] retrospectively analysed the data of 3969 surgical procedures that were performed in 3053 children with stone disease in a tertiary referral centre in Pakistan. The rate of open surgery in their series was surprisingly as high as 30%; they attributed this to the fact that in developing countries, a large stone burden, neglected stones with renal failure, the paucity of urological facilities and residence of poor patients away from tertiary centres necessitate open surgical procedures as the therapy of choice in about a third of the patients. Therefore, they concluded that minimally invasive surgery is the way forward; however, the pattern of stone disease, patient volume and overall economy still mean that open surgery is the 'therapy of choice' in many situations. Thus the scope of open surgery will remain much wider for a large population of patients for a considerable time in developing countries.
Also, from a financial perspective, with special regard to developing countries, open surgery for staghorn stones remains an economically viable option for difficult stone cases, with comparable efficacy, favourable morbidity and hospital stay when compared to combined treatments (PCNL and ESWL) [33] .
The role of laparoscopic surgery in the treatment of urolithiasis
Laparoscopic surgery has recently emerged as a reliable alternative to open stone surgery, because calculi can be removed from almost all locations in the kidney and ureter using a transperitoneal or retroperitoneal access. Functional outcomes and complication rates are comparable. The benefits of laparoscopy are less postoperative pain, shorter hospital stay, faster convalescence, and better cosmetic results [34] .
It can be considered a reasonable treatment option [35] as a salvage procedure for failed ESWL and ureteroscopy, in selected patients with large chronically impacted ureteric stones, and particularly those with solitary kidneys. Successful laparoscopic anatrophic nephrolithotomy has been performed in a porcine model, and in humans [36, 37] . Moreover, laparoscopic surgery is effective for complex renal stones and allows adjunctive procedures, such as dismembered or non-dismembered pyeloplasty, ablation of calyceal diverticula, partial nephrectomy, heminephrectomy and nephrectomy. It can also be an alternative to PCNL in the absence of availability (developing countries) or PCNL failure, and as an adjunct to PCNL, especially when access proves difficult (ectopic kidneys) [12] .
Skolarikos et al. [38] recently tried to identify the level of the evidence and grade of recommendation, according to the evidence-based medicine criteria, in studies supporting the laparoscopic approach to stone extraction. The highest level of evidence (2a) was found for laparoscopic ureterolithotomy.
Conclusion
Although open surgery for treating urinary tract stones is rarely required at present, where most stone cases can be managed by minimally invasive therapy, we believe that it still has a role, and therefore it is of great importance to recognise that a small group of patients with complex stone disease and those with anatomical and physiological anomalies, will benefit from this treatment option. The patient must be informed about the relative benefits and risks Standard Associated with the active-treatments Open surgery (nephrolithotomy by any method) Recommendation Should not be used for most patients Open surgery can be considered for patients in whom the stone is Option Not expected to be removed by a reasonable number of Less invasive procedures a Grades of flexibility are defined as: Standard, if (1) the health outcomes of the alternative interventions are sufficiently well known to permit meaningful decisions, and (2) there is virtual unanimity about which intervention is preferred: Recommendation, if (1) the health outcomes of the alternative interventions are sufficiently well known to permit meaningful decisions, and (2) an appreciable but not unanimous majority agrees on which intervention is preferred; Option, if (1) the health outcomes of the alternative interventions are not sufficiently well known to permit meaningful decisions, or (2) preferences are unknown or equivocal.
